It is found that dark energy emerges spontaneously from the higherderivative gravity. According to cosmological scenario, obtained here, the universe inflates for ∼ 10 −37 sec. in the beginning and late universe accelerates after 8.58Gyrs. During the long intermediate period, it decelerates driven by radiation and subsequently by matter.
Introduction
In the past few years, astronomical observations have revolutionarized the cosmolgy. Consequences of combined analysis of Ia Supernovae (SNe Ia) observations [1, 2] , galaxy cluster measurements [3] and cosmic microwave background (CMB) data [4] show dominance of dark energy (DE) in the present universe causing cosmic acceleration. Acceleration is observed at a very small red-shift showing that it is a recent phenomenon in the late universe. The 16 type Ia Supernovae, observed by Hubble Space Telescope (HST) [5] , further modifies earlier astronomical results and provides conclusive evidence supporting deceleration prior to cosmic acceleration caused by DE in the recent past. DE is realized with negative pressure and positive energy density violating strong energy condition (SEC) [6] . Violation of SEC gives reverse gravitational effect. It is due to this effect, universe gets a jerk and transition from deceleration to acceleration takes place. Of late, phantom appeared as a potential DE candidate in this arena, which violates weak energy condition (WEC) too [7, 9] . Though DE dominates at present, but the present value of dark energy density (DED) is very low ∼ 2.18 × 10 −47 GeV 4 . In the early universe, it is found very high.
For example, at Planck scale DED is found to be 1.18 × 10 75 GeV 4 , at GUT (grand unified theory) scale it is ∼ 10 23 GeV 4 and at QCD scale it is ∼ 10 −6 GeV 4 . The simplest DE candidate is constant Λ, but it has a serious problem of extreme fine-tuning to satisfy the current value of DED. Alternatively, to explain decay of DED from a very high value to present extremely small value, many dynamical models were suggested, where Λ varies slowly with cosmic time (t) [10, 11] . Apart from dynamical Λ(t), many hydrodynamic models with or without dissipative pressure were proposed, where barotropic fluid is the source of DE [11] .
In the literature, Chaplygin gas (CG) as well as generalzed Chaplygin gas (GCG) have been considered as possible DE sources due to negative pressure of these [9, 12, 13, 14] . In field-theoretic models, most natural ones are scalar field models. Apart from quintessence and phantom [6, 7, 9] , other scalar field models are k-essence [15] and tachyon [16] .
In [8] , adding string gravity coorections with dilaon and modulus fields in gravitational action, DE models are proposed. Other than these approaches, some authors have considered modified gravitational action by adding a function f (R) (R being the Ricci scalar curvature) to Einstein-Hilbert lagrangian, where f (R) provides a gravitational alternative for dark energy causing late-time acceleration of the universe.
In [17, 18] , f (R) = 1/R, but it has the problem of instabilities of gravitationally bound objects [19] . In [20] , f (R) has the form aR m + bR −n (where a, b, m, n are real numbers). R with positive power is dominant in the early universe giving power-law inflation for 1 < m < 2.
R with negative power dominates in the late universe when curvature is small and gives late-time acceleration.In other attempts adopting this approach f (R) is taken as lnR in [21] and T r(1/R) in [22] Some other modifications are also suggested in [23, 24] . Recently, a fuction of Gauss-Bonnet term has been considered for f (R) as gravitational dark energy [25] . In [26] , f (R) is taken as Yukawa-like term of R and in [27] , f (R) ∝ (aR 2 + bR µν R µν + cR µνρσ R µνρσ ) −1 which leads to current acceleration without resorting to DE. Thus, in the past few years, many models for non-gravitational and gravitational DE have been proposed to explain accelerated universe.
All these models are phenomenological in the sense that, in these models, an idea of DE is introduced a priori. But it is interesting to have a model, where DED emerges spontaneously from a basic theory.
With this motivation, here DED is obtained from the gravitational sector, where a term α(t)R 2 (α(t) is a dimensionless scalar) is added to Einstein-Hilbert lagrangian using the approach in [28] . Unlike in [17, 18, 19, 20, 22, 23, 24, 25] , here α(t)R 2 is not lagrangian density for DE. Rather DE and dark matter (DM) are induced due to presence of this term in the gravitational action. DE, obtained here, mimics quintessnce. It is unlike the approach in [17, 18, 19, 20, 22, 23, 24, 25] , where non-linear term of R is used as DE lagrangian.
In [29, 30, 31, 32] , it is found that if higher-derivative terms are added to Einstein-Hilbert action, the Ricci scalar also manifests a physical field in addition to its usual role as geometrical field. In the present model, field equations from the modified gravitational action yields Friedmann equations with DED, DMD and radiation density. DE and DM are physical concepts. Spontaneous emergence of these physical terms from gravitational sector shows that these are caused by dual roles of R (as a physical as well as a geometrical field).
It leads to a very interesting cosmology. Here, cosmological scenario begins with power-law inflation for a fraction of a second and universe expands 10 27 times. Later on, radiation dominates and universe de- Planck scale to its current value.
The paper is organized as follows. Section 2(a) contains gravitational action and manifestation of curvature scalar as a physical field. Emergence of DE, DM and radiation is discussed in scetion 2(b). Scalar field models for DE have been very popular. Though DE has gravitational origin here, still it is interesting to probe scalar field and its corresponding potential giving gravitationally originated DE. This probe is done in section 2(c). Section 3 contains discussion on the resulting cosmological picture. In section 4, it is shown that, actually, our universe is residing in a much larger universe driven by DE only. In the last scetion, results of the paper are summarized.
Natural units ( = c = 1) are used here with GeV as the fundamental unit, where and c have their usual meaning. In this unit, it is found that 1GeV −1 = 6.58 × 10 −25 sec. Here, investigations begin with the action for higher-derivative grav-
where R is the Ricci scalar curvature, G = M −2 P (M P = 10 19 GeV is the Planck mass) and dimensionless α is a scalar depending on cosmic time t. Here, Λ(t) is another scalar having dimension (mass) 2
The action (2.1) yields gravitational field equations
using the condition δS g /δg µν = 0. Here, ▽ µ denotes covariant derivative and the operator 2 is given as
with µ, ν = 0, 1, 2, 3 and g µν as metric tensor components.
Taking trace of eqs. (2.2) , it is obtained that
with α(t) > 0 to avoid the ghost problem. Here, overdot gives derivative with respect to time t.
Eq.(2.4a) is typically of the Klein -Gordon form with the source term Λ(t) 24πGα (t) . It shows that the Ricci scalar R behaves as a physical field also with (mass) 2 depending on G, in addition to its usual role as a geometrical field [29, 30, 31, 32] .
(b) Emergence of dark energy and dark matter
Experimental evidences support spatially homogeneous flat model of the universe [33] . So, the line-element, giving geometry of the universe, is taken as
with a(t) as the scale factor.
In the space-time, given by eq.(2.5), eq.(2.4a) is obtained as
using eq.(2.4b) for m 2 .
In most of the situations (radiation model, matter-dominated model and dark energy dominated models), we have a(t) as a power-law solution, for which R is obtained as power-law function of a(t). So, it is
where n = 0 is a real number and A is a constant.
Moreover, scalars α(t) and Λ(t) are taken as
with r = 0 and p = 0 being real numbers. Here D and E are positive constants. In what follows, we get energy density in the form by taking α(t) and Λ(t) in these forms.
R, α(t) and Λ(t) (given by eqs.(2.7),(2.8) and (2.9) respectively) sat-
where C is an integration constant. Moreover, D is absorbed in A as well as B absorbs both A and D.
Taking real numbers n and r such that n − r = 3/2, eq.(2.11) looks 
has the form of radiation density, which is obtained taking Λ(t) ∝ a −11/2 (t). In [11] , Λ(t) ∝ a −p (t) is taken to explain DE. Here this term gives radiation and DE is explained by another term mentioned above.
The conservation equation for DE is given aṡ
where equation of state parameter (EOSP) w de = p de /ρ de with p de (ρ de ) being pressure(density) for DE.
Connecting eqs. (2.17) and (2.19) , it is obtained as
According to WMAP [34, ?] , current values of ρ m , ρ de and ρ r are
GeV using h = 0.68 ( a value having the maximum likelihood ).
These observational values are used to determine constants in eqs. (2.16) , (2.17) and (2.18) . As a result,
(2.21) [32] .
(c) Scalar field for dark energy
Here, DE is obtained from higher-derivative gravity. But, in nongravitational models, it is caused by some exotic matter given by a scalar field (quintessence, tachyon and phantom). Though, we have a gravitational origin of DE here, it is natural to probe a scalar φ (which is not a field for an exotic matter) giving ρ de obtained above. With V (φ) as potential, φobeys the equation 25) and has mass dimension equal to 1. Here, V ′ (φ) = dV /dφ. DE density and pressure, in terms of φ, are given as
Eqs.(2.26a) and (2.26b) yield 
Cosmic evolution
In what follows, cosmic evolution passes through four different phases.
Phase 1. Power -law inflation
According to the present cosmological picture, in the beginning, the ,
which is integrated to
where a(0) = a(t = 0).
As
Hence a(t), given by eq.(3.2), exhibits power-law inflation asä(t) > 0. Moreover, as 1 + 3w de < 0, SEC is violated. It shows bounce of the universe at t = 0, so a(0) = 0 [32, 36] In terms of φ (given above in scetion 2(c)), eq.(3.1) is written as Observed perturbation amplitude, on large scale, before the end of inflation is given by [37] 8V * 3M 4 P ǫ ≃ 2.6 × 10 −9 ,
where V * is the potential at the end of inflation. The maximum number of e-fold for the inflation [37] is
If a * is the scale factor at the end of inflation (3.10) and (3.16) . Here φ * = φ(t * ).
Phase 2. Radiation-dominated phase
It is found above that , during phase 1, the universe inflates for a very small fraction of a second and eqs. (3.11) and (3.12) show that ρ de falls by 3 orders upto the end of inflation. The density for released DE is obtained as
using eqs. (3.11) and (3.12) .
It is proposed that the released DE decays to emission of radiation and elementary particles in thermal equillibrium with radiation, heralding the usual big-bang cosmology. It is parallel to the idea introduced by Bronstein in 1933 [6] . Here, the emitted radiation is recognized as microwave background radiation. So, (3.20) Initial temperature for this radiation is obtained as T * = 1.4 × 10 17 GeV. (3.21) from eqs. (3.19) and (3.20) . Moreover, it is obtained that
Also matter remains in thermal equillibrium with radiation till decoupling time.
Hence, this phase of evolution is radiation-dominated . Now, during the period t * and decoupling time t D Friedmann equation ( In terms of φ eq.(3.30) can be re-written aṡ Connecting eqs.(2.28b) and (3.33) , it is obtained that
Further, according to measurements [38, 40] , gamma-ray bursts (GRBs) are found in sub-luminous star forming host of galaxies. Collapsar model suggests that these are likely produced in core-collapse explosions of a class of massive stars giving rise to relativistic jets. It shows existence of massive stars, when GRBs are produced. GRBs are found at high red-shift z ∼ 1.6 [39] . The high red-shift z B = 6.1 +0.36 −0.12 for recently observed GRB 050904 [40] beats all previous records. Using eq.(3.31) it is obtained that
Using eq. The inequality (3.36) shows that dominance of DE, in the late universe, is possible, when a 0 a = 1 + z < 1.409 (3.37) using w de = −29/30 obtained above.
So, we can take red-shift for the transition from ρ de < ρ m to ρ de > ρ m as z * * = 0.4 (3.38) safely. This is the red-shift at which DE dominates over matter. As cosmic acceleration is caused by dominance of DE. z * * is the red-shift for transition from deceleration to acceleration.
Interestingly, it falls in the range of red-shift z = 0.46 ± 0.13 for this transition, given by 16 Type supernova (SNe Ia) [5] .
In this case, the Friedmann equation ( Connecting eqs. (3.38) and (3.40) , it is evaluated that t * * = 4.13 × 10 41 GeV −1 = 8.58Gyr. (3.41) Eq. (3.40) shows accelerated expansion beginning at t * * . So, 8.58Gyr is the time for transition from deceleration to acceleration in the late universe.
In terms of φ, eq.(3.3) has the solution for this case as 42) where φ * * = φ(t * * ).
Connecting eqs. (2.28b) and (3.42) , it is obtained that
Universe driven by dark energy
In this section, we probe what could be the shape of the universe driven purely by DE from beginning upto the present time. In this case, cosmic dynamics is given by eq.(3.1) yielding the scale factor (3.2) .
From a(t), given by eq.(3.2), the rate of expansion rate is obtained as This result is found for an universe, which is not being observed. We call it actual universe Now we come to our observable universe.
Observable universe
As discussed in the preceding section, universe passes through 4 different phases ( power-law inflation, radiation-dominated, matterdominated and DE dominated phase). We call it observable universe.
According to analysis for observable universe, eq.(3.10) gives the ratio It means that only ∼ 1 371 of DE is available in our observable universe. The reason for this scenario is given as follows. Due to the reverse gravity effect of DE, the actual universe speeds up very fast, whereas the observable universe driven by radiation and subsequently by matter decelerats for the major portion of its age. So, the observable universe is concentrated in a very small part of the actual universe. Interestingly, this conclusion is based on observed physical parameters and results (derived using observations) that DE density falls with the expansion of the universe by 115 orders upto the present epoch.
Summary
It is interesting to see that, in the present model, DE and DM emerge spontaneously due to manifestation of the Ricci scalar curvature R as a physical field too. It is obtained from higher-derivative gravitational action, which stems from adding a non-linear term α(t)R 2 to Einstein-Hilbert term. Here, α is a dimensionless scalar varying with scale factor. In [17, 18, 19, 20, 21, 22, 23, 24, 25] , theory with non-linear term of R is called modified gravity, where coupling term α is a constant. In these papers on modified gravity, the non-linear term of R stands for the lagrangian density of DE and it is added to explain late acceleration in the universe. In [20] , Nojiri and Odintsov have taken non-linear aR m + bR −n with the motive to have inflation in the early universe and late accelartion. In contrast to all these works, in the present paper, nothing is taken a priori to get DE. Here, DE, DM and radiation are induced by modified gravity with non-linear term α(t)R 2 . The resulting cosmological scenario is given as follows. In the beginning, our pbservable universe inflates for ∼ 10 −37 sec. DE, released during this period, decays to emmission of CMB radiation and light elementary particles. This event heralds usual big-bang expansion with an end of inflation as emitted radiation dominates over DE by the time 10 −37 sec. After this epoch, universe decelerates for a long time, driven by radiation and subsequently by matter. Around the age 8.58Gyr of the universe, a transition takes place and DE re-dominates over matter, giving a cosmic jerk. As a result, decelerating universe gets speeded up [28] . DE density, obtained here, falls from 2.58 × 10 68 GeV 4 to its current value 2.18 × 10 −47 GeV 4 .
In non-gravitational field theoretic models of DE, a scalar field φ(t) (quintessence, k-essence, tachyon and phantom ) are taken as DE source.
In contrast to this approach, here, DE is obtained from gravitational sector and φ(t) is probed for it. Thus, here, φ(t) has a geometrical origin, whereas origin of quintessence, k-essence and phantom is not known (except tachyon having stringy origin). The potential V (φ) ,for DE obtained here, is tabulated below in different situations. 
DE acceleration
In [41, 42] , considering V (φ) ∼ e −cφ (c being a constant) cosmic acceleration is derived in flat homogeneous model of the universe. Here the result is opposite. In the present paper, it is obtained that when universe accelerates , potential falls exponentially and it falls as powerlaw in case of deceleration.
Moreover it is found that our observable universe is actually residing in a largger universe driven by DE, having equation of state parameter w de = −29/30.
